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Abstract 
Total and partial interaction of xBi2O3:(1-x)B2O3 (where x is fractional by weight from 0.3-0.7) were investigated 
theoretically at photon energies of 60 keV, 140 keV, 364 keV, 412 keV, 662 keV, 835 keV, 1173 keV, 1275 keV and 
1332 keV, respectively. The results show the total and partial interactions are altered with the concentration of 
additive Bi2O3 and incoming photon energies. Also the variation of effective atomic number with photon energies 
was investigated and discussed. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
The extensively used quantities employed in various field of studies such as physics, medical 
diagnostic, radiation protection, nuclear medicine, are total mass attenuation coefficient (Pm) and effective 
atomic number (Zeff), required in the determining the of x-ray and gamma-ray in any matter. Various 
researchers have been studied for different materials [1-7].  
Due to the scattered and absorbed photon relate to the atomic number and the density of element. In a 
given materials, it is related to density and effective atomic number. Hine [8] has noticed that, for each 
partial photon interaction, a single number cannot represent the atomic number for a materials composed 
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of several elements. This number for composite materials is called the "effective atomic number (Zeff)"
and it varies with the energy.
Hubbell and Seltzer [9] have been published the useful tables of the mass attenuation coefficient. 
Berger and Hubbell [10] developed a computer program, XCOM, for calculating cross-sections and 
attenuation coefficients at photon energies from 1 keV to 100 GeV for any element, compound or 
mixture. Lately, the Windows platform version have been developed by Gerward [11] and called 
WinXCom. 
Nowadays, Bi-based glasses have been used in radiation shielding materials because of Bi is less toxic 
compared with Pb [12]. Our previous work were studied on radiation shielding properties of Bi-based 
glasses at 662 keV and compared with theoretical values [12-14]. However, the data of radiation shielding 
properties at different energies will be important. So, the present work has been undertaken with the 
purpose of the studying the total mass attenuation coefficients and partial photon interactions for bismuth 
borate glasses at photon energies range of 60 keV, 140 keV, 364 keV, 412 keV, 662 keV, 835 keV, 1173 
keV, 1275 keV and 1332 keV and also to determine the effective atomic numbers. 
2. Theoretical method 
The theoretical values of total mass attenuation coefficient (Pm) for mixture or compound composed of 
multi-elements is the sum of the (Pm)i values of constituent element based on the mixture rule [15] have 
been determined from the WinXCom: 
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where wi and (Pm)i denote the fractional by weight and mass attenuation coefficient of the ith element. For 
any materials composed of multi-elements, the fractional by weight is given by  
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where Ai is the atomic weight of ith element and ni is the number of formula units. The total cross-section 
(V) in turn can be related as the sum of partial cross-sections: 
V = Vcoh + Vincoh + W + N + Vph,n        (3)
where Vcoh, Vincoh are coherent and incoherent scattering cross-sections, respectively. W is the atomic 
photoelectric cross-section, N is the positron electron pair production and Vph,n is the photonuclear cross-
section. The values of the mass attenuation coefficient were then used to determine the total molecular 
cross-section (Vm) by the following relations: 
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where M = iii An¦ , is the molecular weight of the materials, NA is Avogadro's number, ni and Ai are the 
total number of atoms (with respects to the mass number) and the atomic weight, respectively, for ith 
element. The effective (average) atomic cross-section (Va) can be easily obtained by dividing the 
molecular cross-section by the total number of formula units as follows: 
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Similarly, effective electronic cross-section (Ve) for the individual element is calculated using the 
following equation: 
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where fi denotes the fractional abundance of the ith element with respect to the number of atoms such that 
f1 + f2 + f3 + ... + fi = 1, Zi is the atomic number of ith element. The Va and Ve are related to the effective 
atomic number (Zeff) of the materials through the relation: 
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3. Results and Discussion 
In this present work, the chemical composition of the xBi2O3:(1-x)B2O3 used glasses in different 
proportions have been taken from J. Kaewkhao [12]. The results are shown graphically in Fig. 1 and Fig. 
2 for total and partial interaction processes, respectively.  
Table 1. The values of total mass attenuation coefficients (Pm) at different photon energies 
Total mass attenuation coefficients (Pm) x 10-2 (cm2/g)
xBi2O3
60 keV 140 keV 364 keV 412 keV 662 keV 835 keV 1173 keV 1275 keV 1332 keV 
0.3Bi2O3 154.05 76.40 14.74 12.86 8.55 7.29 5.89 5.61 5.47 
0.4Bi2O3 199.38 97.35 16.42 14.07 8.88 7.45 5.94 5.64 5.50 
0.5Bi2O3 244.71 118.30 18.10 15.28 9.22 7.62 5.98 5.68 5.53 
0.6Bi2O3 290.04 139.26 19.78 16.49 9.55 7.79 6.03 5.71 5.56 
0.7Bi2O3 290.04 139.26 19.78 16.49 9.55 7.79 6.03 5.71 5.56 
Fig. 1. The variation of calculated Pm versus energy 
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It is clearly seen that the values of total mass attenuation coefficients (Pm) depends on the Bi2O3
content of the studied glasses and incoming photon energy. With increasing of Bi2O3 concentration, the 
Pm values increases at the same photon energy which may be due to the increase in the weight fraction of 
the higher atomic number constituent element (Bi). For partial photon processes are also changed with 
photon energy and composition of the additive Bi2O3.
Fig. 2. (a) - (d) The variations of partial photon interactions as a function of photon energy (a) coherent scattering; (b) incoherent
scattering; (c) photoelectric absorption and (d) pair production, respectively 
The behavior of total mass attenuation coefficients (Pm) against photon energy for partial photon 
processes have been studied (Fig. 3). It is observed that the coherent scattering, incoherent scattering and 
photoelectric absorption processes vary from a higher value at low energies to a lower value at high 
energies for all studied glasses. In the photon energy range of 60 keV - 140 keV, the dominant process is 
photoelectric absorption for almost glasses. At higher energy range, the incoherent scattering process 
dominates. For the photon energy less than 1022 keV, the pair production interaction is not occurred for 
all glasses. 
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Fig. 3. (a) - (e) The variations of partial photon interactions i.e. coherent scattering, incoherent scattering, photoelectric absorption 
and pair production, respectively 
Finally, the theoretical values of effective atomic number (Zeff) have been determined from equations 
(4)-(7) by using the theoretical values of Pm (Fig. 4). The variation of Zeff values versus photon energy was 
shown graphically for all glasses. It is clear seen that Zeff values decrease with photon energy. The energy 
dependence of Zeff shows that the studied glass with composition of 0.7Bi2O3:0.3B2O3 with high Zeff
values absorbs effectively incoming photon. Moreover, the maximum values of Zeff  have been observed 
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in low photon energy range where photoelectric interaction is the dominant photon process. This is due to 
strong interaction when compared with intermediate and high energy. 
Fig. 4. The variation of effective atomic numbers (Zeff) against photon energy 
4.Conclusion
The present study, the total mass attenuation coefficients and partial photon processes for xBi2O3:(1-x)
B2O3 have been determined by using WinXCom program at photon energies of 60 keV, 140 keV, 364 
keV, 412 keV, 662 keV, 835 keV, 1173 keV, 1275 keV and 1332 keV. The results show that the total 
mass attenuation coefficients increased with increasing of Bi2O3 content and decreased with increasing 
photon energy. In the low energy region, photoelectric absorption gives the dominant contribution to the 
total mass attenuation coefficients. At higher energy region, the behaviour of total mass attenuation 
coefficients may be attributed to the incoherent scattering. Furthermore, the variation of effective atomic 
numbers also depends on incoming photon energy. The maximum values of this parameter have been 
found in the low energy range where the photoelectric is the dominant photon process. 
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